The main objective of the study was to determine the nutritional status in terms of the content of microelements, such as iron, manganese, zinc, copper and boron in several standard cultivars of anthurium (Anthurium cultorum Birdsey) called Baron, Choco, Midori, Pistache, President and Tropical. The plants were grown in expanded clay (ř 8-18 mm) using drip fertigation with standard nutrient for anthurium grown in inert substrates with the following components: N-NH 4 <1.0, N-NO 3 7. .5--89.0. It was found that a significant effect on the nutritional status with respect to microelements was produced by the plant cultivar type. The highest content of iron in the indicator parts was found in cv. Baron; manganese was most abundant in cv. Choco; cv. Midori was the richest in zinc and boron appeared in the highest level in cv. Pistache. Coefficients of variability (CV) of the analyzed microelements were determined. The smallest variability during 3 years of studies was shown by copper (CV 15.4-24.3%), a mean value was found in boron (CV 20.9-26.7%) and in iron (CV 25.1-31.4%), while the highest values were shown by zinc (CV 39.7-44.7%) and by manganese (CV 40.4-58.5%).
INTRODUCTION
Owing to a widespread use of inert media [mainly expanded clay] and fertigation, Poland is one of the main anthurium producer in Europe. In modern horticulture, an important role is played by controlled fertilization. In many cases, it is not enough to determine the content of components in a substrate or in a nutrient. In order to diagnose the nutritional status of plants, it is necessary to perform their chemical analyses. Usually, it is done by sampling plant indicator parts, which reflect most faithfully the differences in the component content under the influence of increasing fertilization (DE KREIJ et al. 1990) . MILLS, SCOGGINS (1998) proved that young, fully developed leaves, before developing a layer of suberine, are the best indicator parts for anthurium. Older leaves are not adequate for this purpose because their nutritive components are translocated to flowers.
Each year, a wide range of new commercial cultivars of the flower appear on the market. Meanwhile, many of the studies carried out so far concern cultivars of anthurium which are less popular in Poland (HIGAKI et al. 1992 , SONNEVELD, VOOGT 1993 , MILLS, SCOGGINS 1998 , DUFOUR, GUÉRIN 2005 .
The main objective of our present study was to determine the nutritional status in terms of iron, manganese, zinc, copper and boron in the most popular anthurium cultivars grown in Poland (Anthurium cultorum Bird-sey), such as Baron, Choco, Midori, Pistache, President and Tropical, grown in expanded clay, as well as to determine the coefficients of variability and regression equations describing the dynamics of microelement content in leaves. These data are essential for the interpretation of the results of plant assays and for diagnosing their the nutritional status.
MATERIAL AND METHODS
A vegetation experiment was carried out at two speciality farms in Wielkopolska. Venlo type greenhouses were equipped with modern systems of fertigation, climate control and recording system, air humidity checks and energy-saving curtains. Anthurium cultivars (Anthurium cultorium Birdsey), such as Choco, Midori, Pistache, President and Tropical (Anthura B.V., Holland), grown in expanded clay (O 8-18 mm), underwent analyses. Cuttings grown in pots of mineral wool (75 cm 3 ) were planted into beds in the greenhouse between 8 th and 11 th August 2000. The analyses started on 15 th of January 2002 (on 2-year-old plants) and were terminated on 30 th November 2004 (4-year-old plants) . One bed measuring 12 x 46 m covered 55.2 m 2 . Fourteen plants were grown per 1 m 2 14. Agronomic treatments were carried out according to the current recommendations for anthurium. During the whole experiment, plant yielding was optimal regarding both the quantitative and qualitative values (KLEIBER, KOMOSA 2007) .
In the vegetation experiment, drip fertigation in a closed system was used without nutrient recirculation. The nutrient was distributed in beds through dripping lines with emitters spaced in 20cm intervals. The frequency and time of irrigation depended on the season of the year. In summer, fertigation was applied 6-8 times supplying 4-5 dm 3 of nutrient per 1 m 2 , while in winter, it was done 2-3 times applying 2-3 dm 3 . About 20% of nutrient exuded from the root zone. In order to provide an adequate air and substrate humidity, the culture was sprinkled with rain water using microsprinklers.
Before the preparation of nutrients, chemical analyses of water were carried out (KLEIBER, KOMOSA 2006 , 2008 . In the experiments, the standard nutrient was used in drip fertigation for anthurium grown in inert substrates: N-NH 4 <1.0, N-NO 3 7.5 , P 1.0, K 4.5, Ca 1.5, Mg 1.0, S-SO 4 1.5 (mmol dm -3 ), Fe 15, Mn 3.0, Zn 3.0, Cu 0.5, B 20.0, Mo 0.5 (µmol dm -3 ), pH 5.5-5.7, EC 1.5-1.8 mS cm -1 (after KOMOSA 2000) .
Samples of plant material were taken in the years 2002-2004 in twomonth intervals, between 14 th and 16 th January, March, May, July, September and November. The indicator parts of anthurium consisted of fully developed leaves from plants after freshly cut flowers (DE KREIJ et al. 1990 ). Leaves were randomly sampled from the total area of beds from plants char-acteristic of a given cultivar, healthy, well yielding and without any symptoms of damages. One sample of a given cultivar consisted of 15-20 leaves sampled in both experimental farms. The details of chemical analyses of plant material were given previously (Analytical methods... 1972 , KLEIBER et al. 2009 ).
Statistical analysis was carried out, with the calculation of variability coefficients and regression equilibrium coefficients and a description of the microelement content dynamics in the indicator parts, which changed with the age of plants. Conclusions were drawn at the significance level of α = 0.05.
RESULTS AND DISCUSSION
The results of the chemical analyses of anthurium indicator parts are shown in Tables 1 and 2 The mean content of zinc in the indicator parts of the analyzed cultivars was 60.3-67.6 mg Zn kg -1 ( Table 2 ). The youngest plants (in 2002) were characterized by a significantly higher zinc content. The Zn content declined drastically in 3-year-old plants. In zinc, the tendencies in the plant indicator Table 2) . Three-year-old plants (in 2003) showed significantly the highest Cu content, while the two-and four-year-old plants (in 2002 and 2004) were characterized by smaller amounts of Cu. Significant differences among the analyzed cultivars were found. The smallest mean Cu content (5.39-5.82 mg Cu) was shown in cv. Pistache, while cv. Choco showed the highest Cu content (5.48-6.98 mg Cu). Regression equation in the form: y = 0.003x 3 --0.0936x 2 + 0.7326x + 4.90 described the dynamics of the Cu content changing with the aging of plants. KLEIBER, KOMOSA (2004) found high differentiation of the copper content in the successive years of studies.
The The content of microelements found in the present study were compared with the content ranges recommended by other authors (Table 3) . A high degree of agreement was found in the content of iron in the indicator parts of plants with the data reported in the literature (Table 3) . In contrast to iron, the content of manganese showed little correspondence to the ranges reported in literature. Available references reported much higher Mn content in plant indicator parts. Regarding zinc, the assessed levels coincided with the ranges reported by CHEN et al. (2003) . The copper content was within the ranges given by MILLS, SCOGGINS (1998) and by CHEN et al. (2003) . A much higher copper content was reported by MILLS, SCOGGINS (1998). The content of boron in most of the cultivars was similar to that reported by UCHIDA (2000) and by CHEN et al. (2003) . The smallest content of B appears in a paper by MILLS, SCOGGINS (1998).
Coefficients of variability
Coefficients of variability (CV) indicating the content of microelements in the plant indicator parts were determined (Tables 1, 2 that a significant effect was produced by the year of experiment and the analyzed cultivar on the coefficient of microelement content variability in the indicator parts, although there is no general tendency describing these effects. During the three years of trials, copper showed the smallest variability (CV 15.4%-24.3%). Moderate variability was found for iron (CV 25.1--31.4%) and boron (CV 20.9-26.7%), while the highest variability was achieved for manganese ) and zinc ). In the analyzed cultivars, differentiation of the variability coefficients was found. For example, the CV of iron in 2002 for cv. Choco cultivar was 19.5%, while for cv Midori, it reached 29.6%. This indicates that there was significant variability in the iron content in the indicator parts of cv. Midori. Considering the variability coefficients for microelement content which indicate deviations in their content versus the mean value for the total population enables researchers to attain a more precise interpretation of leaf analysis for diagnostic purposes.
CONCLUSIONS
1. Significant effect of a cultivar and the age of plants was found to be produced on the content of iron, manganese, zinc, copper and boron in leaves of anthurium.
2. The mean content of microelements in the analyzed cultivars was as follows: Fe 51.8-54.6, Mn 41.1-158.6, Zn 43.2-82.8, Cu 5. 35-6.29, B 73.3--73 .9 mg kg -1 d.m. in indicator parts.
3. The highest iron content in plant indicator parts was found in the cultivar Baron; manganese and copper showed the highest value in cv. Choco; the zinc content was the highest in cv. Midori while the boron content was the highest in cv. Pistache. 4. A significant effect on the coefficient of variability (CV) in the microelement content of plant indicator parts was found to be exerted by the cultivar type and plant age. Copper showed to be a component with the lowest variability (CV 15.4%-24.3%); boron was moderately variable (CV 20.9-26.7%); iron was also characterized by a medium value of variability (CV 25.1-31.4%), while zinc (CV 39.7-44.7%) and manganese (CV 40.4-58.5%) showed the highest variability.
